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(54) [Title of the Invention] 

Method for Manufacturing Porous Material 
[Claims] 
[Claim 1] 

A method for manufacturing a porous material characterized by 
forming a conductive polymer layer in the resin portion of a polymer 
porous body having open cells by means of a chemically oxidative 
polymerization, forming a metal layer on the conductive polymer layer 
thereof by electroplating, heating the complex comprising the polymer 
material and metal obtained accordingly, and removing the polyineir 
material . 
[Claim 2] 

A method for manufacturing a porous material characterized by 
forming a conductive polymer layer in the resin portion of a polymer 
porous body having open cells by means of a chemically oxidative 
polymerization, forming a conductive polymer layer on that conductive 
polymer layer by means of an electrolytic polymerization, subsequently 
forming a metal layer on that by means of electroplating, heating the 
complex comprising the polymer material and metal obtained 
accordingly, and removing the polymer material. 
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[Detailed Specifications] 

[0001] [Field of Industrial Utilization] 

The present invention relates to a metliod for manufacturing a 
porous material, and in further detail, a metliod for economically 
manufacturing a porous material liaving outstanding mectianical 
cliaracteristics with good productivity. 
[0002] [Prior Art] 

Porous materials used for collectors of batteries and the lilce 
are produced in methods, such as plating and sintering methods. In a 
plating method, electroless plating is performed on a base material 
comprising a porous body and the porous material is subsequently 
produced in a method in which the base material is removed. 
Meanwhile, in a sintering method, a niclcel slurry is impregnated with 
a base material comprising the porous body and sintered, and the 
porous material is subsequently produced by removing the base 
material . 

[0003] [Problems Which the Invention Intends to Solve] 

However, in these methods, a porous material having outstanding 

mechanical characteristics is obtained economically. 

[0004] [Means Used to Solve the Problems] 

The present invention is characterized by (1) forming a 

conductive polymer layer by means of a chemically oxidative 

polymerization in the resin portion of a polymer porous body having 
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open cells or (2) forming a conductive polymer layer by means of a 
chemically oxidative polymerization, forming another conductive 
polymer layer on that conductive polymer layer by means of an 
electrolytic polymerization, and subsequently forming a metal layer on 
that by means of electroplating, heating the complex comprising the 
polymer material and metal obtained accordingly, and removing the 
polymer material. 
[0005] 

A polyurethane foam is generally cited for the polymer porous 
body having open cells in the present invention; a soft polyurethane 
foam is especially preferable. The materials composing the soft 
polyurethane foam are classified as polyether- and polyester-based, 
but they are not particularly limited as long as the target porous 
metal body is obtained. The thickness of the foam depends on the size 
and shape of the target porous metal body; hence, it is not 
particularly limited. The diameter of the cells also depends on the 
size and shape of the target porous metal body, but cells having a 
diameter on the order of 5 to 500 microns is generally used. 
[0006] 

A f ive-membered heterocyclic compound, such as a pyrrole, 
thiophene and furan, its derivatives, and the lilce can be cited for 
the chemically oxidative polymerizable monomer in the present 
invention. The chemically oxidative polymerization method can be 
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performed by making an inorganic acid or metal compound the oxidant. 
Hydrochloric acid, sulfuric acid, nitric acid, and the like can be 
cited for the inorganic acid, but it is not limited to these 
compounds. In addition, metal chlorides, sulfates, nitrates, and the 
like can be cited for the metal compound. The solvent for the oxidant 
is not particularly limited if it is a compound which dissolves the 
oxidant and does not penetrate the polymer porous body extremely much, 
but water is generally used. In a specific method for the chemically 
oxidative polymerization, a conductive polymer layer can be obtained 
in the resin portion of the polymer porous body by bringing a polymer 
porous body having open cells into contact with a solution in which 
the oxidant is dissolved, supplying a chemically oxidative 
polymerizable compound and bringing it into contact with the oxidant. 
The thickness of the conductive polymer layer is formed generally on 
the order of one to several tens of microns. 
[0007] 

A f ive-membered heterocyclic compound, such as a pyrrole, 
thiophene, and furan, its derivative, and the like can be cited for an 
electrolytic polymerization monomer in the present invention. For an 
electrolytic polymerization method, an electrolyte containing a 
monomer used for electrolytic polymerization and a conductive salt is 
poured into an electrolytic cell, the electrolytic polymerization is 
performed by applying a voltage between two electrodes, with the 
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conductive polymer layer as the anode and Pt or the like as the 
cathode wherein both electrodes are prepared according to the 
aforesaid chemically oxidative polymerization, and the 

electrolytically polymerized conductive polymer layer can be formed on 
the chemically oxidative polymerized conductive polymer layer. An 
ionic compound can be used for the conductive salt. Tetraethyl 
ammonium p-toluene sulfonate, tetraethyl ammonium perchlorate, and the 
like can be cited as examples, but the conductive salt is not limited 
to these compounds. The concentration of the conductive salt is not 
particularly limited, but generally it ranges from 0.1 to 1 mol/L. 
The solvent it not particularly limited if it does not penetrate the 
chemically oxidative polymerized conductive polymer layer and polymer 
porous body, but generally, a solvent, such as acetonitrile, methyl 
ethyl ketone and ethylene glycol, can be used. A Pt electrode is' 
generally used for the cathode. The thickness is satisfactory as long 
as the plating can be formed evenly in the following electroplating 
process; a thickness of 2 to several tens of microns is preferable. 
[0008] 

The electroplating in the present invention varies depending on 
the application of the porous material, but in the case of a nickel 
electrode for a nickel hydride battery, a nickel electroplating is 
performed. Various baths used in the past can be used for the plating 
bath for the nickel electroplating. For example, a Watt bath in which 
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boric acid has been added to a nickel salt, such as nickel chloride, 
can be used. The plated thickness is important so that the plating is 
also performed until nickel growth is sufficient, especially on the 
inside wall portion of the polymer porous body. The polymer porous 
body material should be able to be removed by heating in the present 
invention. Generally, this is performed by heating the polymer porous 
body material and conductive polymer material to their decomposition 
temperatures or higher. As for the atmosphere, it is preferable to 
perform heating under a reducing atmosphere (e.g., in a system in 
which hydrogen is mixed with nitrogen or argon, or under a hydrogen 
atmosphere) successively after heating in open air. 
[0009] [Practical Examples] 
Practical Example 1 

An ester-based soft polyurethane foam having a cell diameter of 
approximately 10 0 microns (thickness: 2 mm; length: 10 cm; width: 5 
cm) was used as the polymer porous body having open cells to form an 
approximately 1,5 micron thick chemically oxidative polymerized layer 
made of a pyrrole in the resin portion by immersing this porous body 
in an aqueous solution comprising 15 g of ferric chloride and 1,000 mL 
water, and subsequently bringing it in contact with the pyrrole vapor. 
This was applied to a nickel electroplating after washing it with 
water. This nickel electroplating was performed on the chemically 
oxidative polymerized layer obtained accordingly by using a Watt bath 



and then an approximately 10 to 20 micron thick nickel plating was 
performed. The polymer-metal complex obtained accordingly was heated 
for 15 minutes at 450^C to remove the foamed material, and 
subsequently treated for 10 minutes at 1,000*^C in a hydrogen-nitrogen 
atmosphere to obtain a nickel porous body. The tensile strength of 
the obtained porous body was approximately 3 kgf/cm. 
[0010] Practical Example 2 

An ester-based soft polyur ethane foam having a cell diameter of 
approximately 100 microns (thickness: 2 mm; length: 10 cm; width: 5 
cm) was used as the polymer porous body having open cells to form an 
approximately 1 micron thick chemically oxidative polymerized layer 
made of a pyrrole in the resin portion by immersing this porous body 
in an aqueous solution comprising 15 g of ferric chloride and 1,000 mL 
water, and subsequently bringing it in contact with the pyrrole vapor. 
After washing it with water, it was applied to a pyrrole electrolytic 
polymerization reaction. The electrolytic polymerization was 
performed by using acetonitrile as the solvent, transferring 1 mol/L 
of pyrrole and 0.4 mol/L of tetraammonium p-toluene sulfonate to a 2- 
liter beaker to make a pyrrole layer by subjecting the anode (a Pt 
electrode) to a chemically oxidative polymerization, and supplying 
power for 10 minutes at a voltage of 2 volts. The film thickness of 
the electrolytically polymerized pyrrole layer was approximately 2 
microns. This nickel electroplating was performed on the chemically 
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oxidative polymerized layer obtained accordingly by using a Watt bath 
and then an approximately 10 to 20 micron thick nickel plating was 
formed. The polymer-metal complex obtained accordingly was heated for 
15 minutes at 450 °C to remove the foamed material, and subsequently 
treated for 10 minutes at 1,000°C in a hydrogen-nitrogen atmosphere to 
obtain a nickel porous body. The tensile strength of this porous body 
was approximately 3 kgf/cm. 
[0011] [Advantages of the Invention] 

The present invention is characterized by (1) forming a 
conductive polymer layer by chemically oxidative polymerization or (2) 
forming a conductive polymer layer by chemically oxidative 
polymerization and then forming a conductive polymer layer by 
electrolytically polymerizing it on the conductive polymer layer 
thereof, and obtaining a porous material by performing an 
electroplating when a sufficient conduction is ensured. There are 
fewer pretreatments for plating (washing with water, seeder 
treatments, etc.) than in an electroless method performed in the past, 
which is advantageous from a manufacturing standpoint. In addition, 
the plating growth speed is also relatively faster than in the 
electroless plating method, which is also advantageous from a 
productivity standpoint. Furthermore, the porous metal body can 
exhibit can exhibit the same or better characteristics than in a 
conventional plating method, i.e., a mechanical strength of 
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approximately 1.5 times that of a sintering method. According to the 
present invention, a porous metal body having outstanding mechanical 
characteristics can be obtained economically and with' better 
productivity. 
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